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Dairy product consumption may decrease colorectal cancer (CRC) risk, but very few studies have evaluated the association between different types
of dairy products and CRC location. The aim of this systematic review and meta-analysis was to examine the associations between dairy product
consumption and CRC incidence. Summary RRs and ORs with 95% Cls were estimated. A total of 15 cohort studies and 14 case-control studies
comprising a total of >22,000 cases were included in the quantitative synthesis. The cohort studies showed a consistent significant decrease in CRC
risk associated with higher consumption of total dairy products (RR: 0.80; 95% Cl: 0.70,0.91) and total milk (RR: 0.82; 95% CI: 0.76, 0.88) compared with
the CRCrisk associated with lower consumption. These studies also showed a significant protective association between low-fat milk consumption
and CRC (RR: 0.76; 95% Cl: 0.66, 0.88), but only for colon cancer (RR: 0.73; 95% Cl: 0.61, 0.87). Cheese consumption was inversely associated with the
risk of CRC (RR: 0.85; 95% Cl: 0.76, 0.96) and proximal colon cancer (RR: 0.74; 95% Cl: 0.60, 0.91). No significant associations with CRC were found for
the consumption of low-fat dairy products, whole milk, fermented dairy products, or cultured milk. Most of these associations were not supported
by the case-control studies. In conclusion, high consumption of total dairy products and total milk was associated with a lower risk of developing
CRC at any anatomic location, including the proximal and distal colon and the rectum. Low-fat milk consumption was associated with a lower risk
of CRC, but this association was restricted to colon cancer. Cheese consumption was associated with the prevention of CRC, specifically proximal
colon cancer. Further studies on larger samples and with longer follow-up periods, along with appropriately designed and executed clinical trials,
are warranted to determine whether dairy product consumption affects CRC development. Adv Nutr 2019;10:5190-S211.
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factors for CRC, evidence for an association between the
consumption of dairy products and the risk of CRC is not as

Introduction
In 2016, there were 1.7 million incident cases of colon and

rectal cancer, with 830,000 deaths worldwide (1). Over the
next 15 years, the global burden of colorectal cancer (CRC)
is expected to increase by 60% and cause 1.1 million deaths
2).

It has been suggested that factors such as body
weight/adiposity, physical activity, and diet are leading
risk factors for CRC (3). Several studies have shown that a
healthy dietary pattern, such as that in the Mediterranean
diet, characterized by high intakes of vegetables, fruits,
whole grains, nuts, and olive oil; moderate intakes of fish,
poultry, and low-fat dairy foods; and low intakes of red meat,
processed meat, and sugar-sweetened drinks, may decrease
the risk of CRC (4, 5).

Although there is considerable evidence to suggest that
the consumption of processed meat and alcohol are risk
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strong. The latest report from the Continuous Update Project
(CUP), led by the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR), concluded
that there is strong evidence that the consumption of dairy
products may help to protect against CRC (3). However, the
risk of CRC associated with the consumption of different
types of dairy products (i.e., yogurt, cultured milk, or hard
cheese), as well as the consumption of dairy product subtypes
and their fat composition (i.e., low-fat or high-fat dairy
products, low-fat or full-fat yogurt, and skim/semiskim or
whole milk), remains unclear (6-19).

Although most current dietary guidelines advocate the
consumption of fat-free or low-fat dairy products in the
context of a healthy diet to prevent chronic diseases (20-23),
evidence has shown no association between the consumption
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of full-fat dairy products and either the risk of CRC (6, 12, 19)
or a reduction in the risk (14). Therefore, further research on
the association between the consumption of milk foods and
the risk of CRC should be of considerable interest in terms of
public health.

The aim of this systematic review and meta-analysis
was to extend the available evidence and combine all the
results from prospective cohorts and case-control studies in
adults so that the association between the consumption of
specific types of dairy products and CRC incidence could be
examined. We also investigated whether these associations
depended on the CRC subsite (colon or rectal) and colon
cancer location (proximal or distal colon).

Methods

Design

This systematic review and meta-analysis study was con-
ducted in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions (24). The results are pre-
sented following the “Meta- Analysis of Observational Studies
in Epidemiology” (25) and the “Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA
Statement” guidelines (see the PRISMA checklist in the
Supplementary Data) (26). The protocol for the systematic
review and meta-analysis is available in PROSPERO (www.
crd.york.ac.uk; identifier: CRD42017057490).

Study selection

We systematically searched for published case-control and
prospective cohort studies evaluating the associations be-
tween the consumption of total dairy products (and their
subtypes) and the incidence of CRC (total CRC, colon or
rectal cancer, and proximal or distal colon cancer). One
review author (LB) searched for relevant keywords and
medical subject heading terms related to the consumption of
dairy products (i.e., “dairy” or “dairy products”) and subtypes
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of dairy products (i.e., “milk” or “yogurt” or “yoghurt” or
“cheese” or “cultured milk products”) in combination with
keywords related to CRC events (i.e., “colorectal cancer”
or “colorectal neoplasms”). No restrictions on the study
design or language of the publication were considered.
The MEDLINE (PubMed), Cochrane Library, CINAHL, and
ScienceDirect databases were searched up to 4 June, 2018
(see all search strategies in Supplemental Table 1). We also
carried out a manual search of the bibliographies of the
articles we assessed and contacted the authors of unavailable
sources.

All studies that met the following criteria were considered
for inclusion in the meta-analysis: 1) those conducted in
humans (>18 y old); 2) those written in English, Spanish,
or French; 3) those in which the outcome of interest
was CRC, colon, or rectal cancer; 4) those that provided
estimates of the OR or RR (such as the HR or risk ratio)
with the corresponding 95% ClIs, or gave sufficient data
for these values to be calculated; 5) those in which the
estimates were adjusted for age; 6) those that evaluated
the consumption of dairy products through the use of
validated food questionnaires; and 7) those that assessed the
consumption of any subtype or total dairy product (cow,
goat, or sheep milk; skim, low-fat, or full-fat milk; total, low-
fat, or full-fat yogurt; cheese; and full-fat dairy, sweetened
dairy, or other dairy products) as the exposure variable.
For the dose-response analysis we required the following
criteria to be met: 1) a quantitative measure of intake had to
be provided; 2) when there were several publications from
the same study, we selected the publication with the largest
number of cases; and 3) if all the information required was
not provided in the paper, we used the publication that
provided enough information for a dose-response analysis
to be conducted. The following types of publications were
excluded: I) nonoriginal papers (reviews, commentaries,
editorials, or letters); 2) ecologic assessments and correlation
studies; 3) cross-sectional studies; 4) meta-analysis studies;
5) non-peer-reviewed articles; 6) off-topic studies; 7) studies
on CRC mortality; 8) studies lacking specific CRC data; 9)
animal and mechanistic studies; 10) studies conducted in
children, adolescents, or pregnant women; 11) supplements
to the main manuscript; 12) duplicate publications; and 13)
low-quality studies.

Data extraction

First, we removed duplicate works from the databases men-
tioned above and from the manual search. Second, the titles
and abstracts were screened for eligibility independently and
in duplicate by 2 researchers (NB and LB) at the Human
Nutrition Unit to exclude obviously irrelevant studies. After
the primary screening, the full texts of potentially relevant
reports were retrieved, and the inclusion and exclusion
criteria and the quality of the study were assessed by 2
researchers (NR-E and LB) (see the PRISMA flow diagram,
Figure 1) with the use of a data extraction form developed
for this study. If the 2 review authors could not reach
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30 additional records identified through
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Clinical practice guidelines/recommendations: 5
Unsuitable outcome data: 143

Review, systematic review and meta-analysis:
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FIGURE 1

reasons
Unsuitable outcome data: 3
Unsuitable design: 14
Unsuitable exposure: 6
Studies on CRC mortality: 4
Non-validated FFQ: 33
Reports not available: 3
Low-quality assessment: 12
Estimates with the 95% CI not available: 4
Non-age adjusted OR/RRs estimations: 3
Studies conducted in children: 2
Non-English, Spanish or French reports: 2
Studies out of the research topic: 1

Flow of information through the different phases of the identification and selection of relevant studies examining the

associations between the consumption of dairy products and the risk of CRC in adults. Abbreviations: Cl, confidence interval; CRC,
colorectal cancer; FFQ, food frequency questionnaire; OR, odds ratio; RR, relative risk.

agreement, a third author (JS-S) was consulted to make a
decision.

The data extracted for each individual study included the
following: first author of the article, name of the journal in
which the article was published, year of the study, title of the
article, study dates, sample size, population characteristics
(age, sex, and health status), country of recruitment, covari-
ates included in the fully adjusted models, dietary assess-
ment method, outcome and outcome assessment method,
language of the publication, endpoint variables, exposure
variables (type of dairy product consumed and intake range),
statistical methods and statistical software used, endpoint
data, funding sources, and frequency of data collection. For
case-control studies, the length of the study period and the
number of cases and controls were collected, and for cohort
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studies, the follow-up period and number of events were
collected.

Study quality assessment

To evaluate the validity of the individual studies, 2 reviewers
(NR-E and LB) worked independently to determine the qual-
ity of the included studies based on the use of the Newcastle-
Ottawa Scale (NOS) for cohort or case-control studies (27).
The evaluation was based on the following criteria: 1) the
study selection (maximum 4 points); 2) the adequacy of the
outcome in cohort studies and the adequacy of the exposure
in case-control studies (maximum 3 points); and 3) the
comparability of the studies (maximum 2 points). Depending
on the score assigned, the studies were categorized as either



high quality or low quality. The maximum score was 9, and a
high score (>6) indicated high methodologic quality. A con-
sensus was reached between the reviewers if there were any
discrepancies.

Statistical analysis

To calculate the summary risk estimates and 95% Cls for the
highest compared with the lowest categories of consumption
of dairy products and dairy product subtypes, we conducted
both random (>5 study comparisons) and fixed (<5 study
comparisons) effects analyses. We natural log-transformed
and pooled the RRs/HRs (cohort studies) and ORs (case-
control studies) through the use of the generic inverse
variance method. When the highest level of consumption
was considered as the reference category, we recalculated
the estimate (RR and 95% CI) of the highest category (28).
A 2-tailed P < 0.05 was considered statistically significant.
The heterogeneity among studies was assessed with the use
of Cochran’s Q statistic and quantified with the I* statistic
(P < 0.10 was considered significant, and P > 50% was
interpreted as substantial heterogeneity).

When the results of the studies were stratified by sub-
groups, such as sex, they were treated as separate studies.
We carried out prespecified stratified analyses for the study
design (prospective cohort and case-control studies) and
outcome (CRC, colon cancer, proximal or distal colon cancer,
and rectal cancer).

Analyses were performed with Review Manager
(RevMan) version 5.3 (The Nordic Cochrane Center)
and STATA version 14.0 (StataCorp LP) software.

We performed linear and nonlinear dose-response anal-
yses with data from the cohort studies. We carried out
generalized least-squares trend estimation modeling and
spline curve modeling (MKspline STATA command). This
method requires at least 3 quantitative exposure levels or
quantiles. To impute missing data, such as the number of
participants and cases, in each quantile, we used the method
of Bekkering et al. (29). For studies that did not include the
total number of participants in each quantile but reported the
total number of participants, we divided the total sample size
by the number of quantiles. When the number of cases in
each category was not given, we used the RR to impute the
number of cases.

For studies that reported the range of consumption of
dairy products but not the mean or median intake, we
calculated the midpoint. For those reporting open-ended
lower or upper boundaries, we assumed a range equal to the
adjacent range. If the consumption of dairy products was
given in grams/day, we converted the intake into servings/day
based on the use of standard units: 200 g for total dairy
products, 200 g for milk (1 glass), 125 g for yogurt (1
commercial serving), and 30 g for cheese. When the intakes
were reported in densities (grams - 1000 kcal™! - day™!),
we recalculated the reported intakes by considering the
mean energy intake specified in the publication (30). If the
study reported the consumption of cheese in slices/day, we

regarded each slice as 25 g (17). If the estimated risks for skim
and semiskim milk were reported separately, we considered
only the measure for skim milk (18) because this is the
most widely consumed type of milk. When hard cheese and
other types of cheese, such as cottage or cream cheese, were
reported individually, we used the estimates for hard cheese
(17, 31) so that our results were comparable to the current
evidence. When both baseline and repeated measurement
analyses were reported, we used the repeated measurements
because they more accurately represent changes in dietary
consumption (32). When the fully adjusted model was not
adjusted for age, we used the age-adjusted estimates (32).

To determine whether our results were robust, we per-
formed a sensitivity analysis by recalculating the summary
estimates after excluding 1 study at a time (Supplemental
Tables 2 and 3).

Results

Study selection

Figure 1 shows the flow diagram summarizing the identifi-
cation and selection of the relevant publications. Of the 780
reports remaining after duplicates were removed, 29 studies
were included in the meta-analysis: 15 prospective cohort
studies (6, 8, 11, 14, 17-19, 30, 32-38) and 14 case-control
studies (28, 31, 39-50).

Study characteristics

Tables 1 and 2 show the main characteristics of the studies
selected. In total, the cohort studies included 1,371,848
participants (66% women, 31% men, and 3% undefined) with
11,733 cases recorded during follow-up periods that ranged
from 4 to 14.8 y (Table 1). The case-control studies included
10,921 cases and 13,398 controls (Table 2).

Of the cohort studies, 6 were conducted in the United
States, 2 in Norway, 3 in Sweden, 1 in China, 1 in Italy,
1 in Spain, and 1 in each of 10 different European countries.
The case-control studies were conducted in 9 countries
(China, Italy, the Netherlands, France, the United States,
Japan, Canada, Australia, and Korea).

All cohort and case-control studies were conducted in
adults. Most of the studies obtained funding only from
agencies, but 1 study was agency-industry funded, 1 reported
industry funding, 3 did not report the funding source, and
1 did not report receiving a specific grant.

High consumption compared with low consumption
analyses
Prospective cohort studies.

Total dairy products. Eight cohort study comparisons
(11, 17-19, 30, 36) were used to assess the association
between the highest and the lowest consumption of total
dairy products and CRC risk; 910,047 individuals and 8424
cases were included. The summary RR for CRC was 0.80
(95% CIL: 0.70, 0.91; I = 45%; P-heterogeneity = 0.08)
(Figure 2 and Supplemental Figure 1). Significant inverse
associations were also observed for colon cancer (summary
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Heterogeneity

Subgroup Studies,7  RR/OR [95% CI] Pooled RR/OR [95% CI] I’ (%) P-value P-value

Cohort studies RR [95% CI]

Total dairy products 8 0.80 [0.70, 0.91] S=————— 45 0.08 <0.01

High-fat dairy products 2 0.68 [0.53, 0.87] 71 0.06 <0.01

Low-fat dairy products 2 0.91 [0.79, 1.06] ——1T 52 0.15 0.22

Total milk 9 0.82 [0.76, 0.88] —— 2 0.42 <0.01

Whole milk 3 0.97 [0.86, 1.09] S ——— 40 0.19 0.57

Low-fat milk 2 0.76 [0.66, 0.88] ——— 42 0.19 <0.01

Fermented dairy products 2 0.90 [0.73, 1.11] 0 1.00 0.32

Total yogurt 4 0.87[0.79, 0.96] —_— 57 007  <0.01

Cultured milk 2 0.92[0.79, 1.07] ————— 69 0.07 0.30

Cheese 4 0.85 [0.76, 0.96] —_— 27 0.25 <0.01

Case-control studies OR [95% CT]

Total dairy products 5 0.87 [0.64, 1.20] 52 0.08 0.40

High-fat dairy products 0 - -

Low-fat dairy products 0 - -

Total milk 8 0.85[0.73, 0.99] e — 0 0.50 0.03

Whole milk 0 - -

Low-fat milk 0

Fermented dairy products 0 - -

Total yogurt 3 0.92 [0.77, 1.09] SO DO— 0 060 032

Cultured milk 0 - -

Cheese 5 0.95[0.79, 1.14] 0 0.62 0.56
0.5 1 15

Protective association

Adverse association

FIGURE 2 Summary estimates (RRs for cohort studies and ORs for case-control studies, with the corresponding 95% Cls; log scale)
examining the associations between the consumption of dairy products and the risk of CRC. The meta-analysis included prospective
cohort and case-control studies analyzing the consumption of total dairy products, high-fat dairy products, low-fat dairy products, total
milk, whole milk, low-fat milk, fermented dairy products, total yogurt, cultured milk or cheese. Abbreviations: Cl: confidence interval; CRC,

colorectal cancer, OR: odds ratio; RR, relative risk.

RR: 0.76; 95% CIL: 0.66, 0.87; P = 14%; P-heterogeneity
= 0.33; n = 7) (Figure 3 and Supplemental Figure
2), proximal colon cancer (summary RR: 0.75; 95% CI:
0.63, 0.89; I = 63%; P-heterogeneity = 0.04; n = 4)
(Figure 4), distal colon cancer (summary RR: 0.73; 95%
CL 0.62, 0.88; I? = 10%; P-heterogeneity = 0.34; n = 4)
(Figure 4), and rectal cancer (summary RR: 0.83; 95%
CL 0.71, 0.96; I? = 32%; P-heterogeneity = 0.22; n = 4)
(Figure 5).

High-fat dairy products. Two cohort studies (14, 19),
comprising 67,924 participants and 895 cases, were used
to analyze the effects of the highest compared with the
lowest consumption of high-fat dairy products on CRC
risk. The pooled RR was 0.68 (95% CI: 0.53, 0.87), with
substantial heterogeneity (I = 71%; P-heterogeneity = 0.06)
(Figure 2). The summary RR for colon cancer was 0.82 (95%
CL 0.62, 1.08; ¥ = 0%; P-heterogeneity = 0.77; n = 3)
(Figure 3).

Low-fat dairy products. Two cohort studies, comprising
68,859 participants and 669 cases (11, 19), were used in the
meta-analysis of the effects of the highest compared with the
lowest consumption of low-fat dairy products on CRC risk.
The overall RRs for CRC (summary RR: 0.91; 95% CI: 0.79,
1.06; > = 52%; P-heterogeneity = 0.15) (Figure 2) and colon
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cancer (summary RR: 0.91; 95% CI: 0.72, 1.15; P = 0%; P-
heterogeneity = 0.68; n = 3) (Figure 3) were not statistically
significant.

Total milk. The analysis of the association of the highest
compared with the lowest consumption of total milk on
CRC risk included 9 cohort study comparisons (1,003,303
individuals and 9118 cases) (17-19, 30, 32, 36, 37). We
found evidence of a significant inverse association with
the summary RR of CRC (summary RR: 0.82; 95% CI:
0.76, 0.88; I> = 2%; P-heterogeneity = 0.42) (Figure 2 and
Supplemental Figure 3). A significant inverse association
with no significant heterogeneity was also observed for colon
cancer (summary RR: 0.79; 95% CI: 0.72, 0.87; P = 0%; P-
heterogeneity = 0.96; n = 8) (Figure 3 and Supplemental
Figure 4), proximal colon cancer (summary RR: 0.81; 95%
CI: 0.68, 0.96; I* = 0%; P-heterogeneity = 0.70; n = 3) (Figure
4), distal colon cancer (summary RR: 0.75; 95% CI: 0.63, 0.90;
PP = 25%; P-heterogeneity = 0.26; n = 3) (Figure 4), and
rectal cancer (summary RR: 0.84; 95% CI: 0.73,0.97; I = 0%;
P-heterogeneity = 0.84; n = 5) (Figure 5).

Whole milk. Three cohort studies (14, 18, 19) were
used to compare the effects of the highest and the lowest
consumption of whole milk on CRC risk (545,046 individuals
and 5198 cases). The pooled risk estimate showed an RR



Heterogeneity

Subgroup Studies. n RR/OR [95% CI] Pooled RR/OR [95% CI] I’ (%) P-value P-value

Cohort studies RR [95% CIT]

Total dairy products 7 0.76 [0.66, 0.87] —— 14 0.33 <0.01

High-fat dairy products 3 0.82[0.62, 1.08] 0 0.77 0.16

Low-fat dairy products 3 0.91[0.72, 1.15] 0 0.68 0.44

Total milk 8 0.79 [0.72, 0.87] —— 0 0.96 <0.01

Whole milk 2 0.87[0.72, 1.05] 0 0.35 0.15

Low-fat milk 2 0.73 [0.61, 0.87] —— 0 0.77 <0.01

Fermented dairy products 2 0.84 [0.66, 1.07] 43 0.18 0.17

Total yogurt 0 -

Cultured milk 0 - - - -

Cheese 4 0.88[0.77,1.01] —_— 44 0.15 0.06

Case-control studies OR [95% CI]

Total dairy products 8 0.84[0.71, 1.00] _—r 40 0.11 0.05

High-fat dairy products 6 1.11 [0.90, 1.37] 53 0.06 0.33

Low-fat dairy products 6 0.85[0.71, 1.02] = 24 0.26 0.08

Total milk 0 -

Whole milk 0

Low-fat milk 0

Fermented dairy products 0 - - - -

Total yogurt 5 1.06 [0.90, 125 25 026 049

Cultured milk 0 - -

Cheese 3 0.87[0.74, 1.02] - — 0 0.40 0.09
0.5 1 15

Protective association

Adverse association

FIGURE 3 Summary estimates (RRs for cohort studies and ORs for case-control studies, with the corresponding 95% Cls; log scale)
examining the associations between the consumption of dairy products and the risk of colon cancer. The meta-analysis included
prospective cohort and case-control studies analyzing the consumption of total dairy products, high-fat dairy products, low-fat dairy
products, total milk, whole milk, low-fat milk, fermented dairy products, total yogurt, cultured milk or cheese. Abbreviations: Cl: confidence

interval, OR: odds ratio; RR, relative risk.

of 0.97 (95% CI: 0.86, 1.09), with moderate heterogeneity
among the studies (I> = 40%; P-heterogeneity = 0.19) (Figure
2). We did not observe a significant inverse association with
colon cancer risk in the analysis of the highest compared
with the lowest consumption (summary RR: 0.87; 95% CI:
0.72, 1.05; > = 0%; P-heterogeneity = 0.35; n = 2) (Figure
3), proximal colon cancer (summary RR: 1.20; 95% CI: 0.96,
1.49; I? = 83%; P-heterogeneity = 0.02; n = 2) (Figure 4),
distal colon cancer (summary RR: 0.78; 95% CI: 0.60, 1.01;
I? = 0%; P-heterogeneity = 0.64; n = 2) (Figure 4), or rectal
cancer (summary RR: 0.94; 95% CI: 0.76, 1.16; I> = 0%; P-
heterogeneity = 0.66; n = 2) (Figure 5).

Low-fat milk. The combined RR for CRC for the highest
compared with the lowest consumption of low-fat milk (18,
19) was 0.76 (95% CI: 0.66, 0.88; I = 42%; P-heterogeneity
= 0.19) (Figure 2). The analysis considered 2 cohorts with a
total of 484,338 participants and 3507 cases. The overall RR
for colon cancer was 0.73 (95% CI: 0.61, 0.87; I = 0%; P-
heterogeneity = 0.77; n = 2) (Figure 3).

Fermented dairy products. Two cohort studies (11, 19)
(68,859 individuals and 669 cases) were included in the meta-
analysis of the association between the highest and lowest
consumption of fermented dairy products and CRC risk.
The summary RR was 0.90 (95% CI: 0.73, 1.11; > = 0%; P-
heterogeneity = 1.00) (Figure 2). The association for colon

cancer was not statistically significant (summary RR: 0.84;
95% CI: 0.66, 1.07; I = 43%; P-heterogeneity = 0.18; n = 2)
(Figure 3).

Total yogurt. Four cohort studies, with a total of 529,579
and 4899 cases (18, 19, 38), were used to compare the overall
risk of CRC between the groups with the highest and lowest
consumption of total yogurt. The summary RR was 0.87 (95%
CI: 0.79, 0.96; I = 57%; P-heterogeneity = 0.07) (Figure 2).

Cultured milk. Two cohort studies (14, 17), with a total of
106,014 participants and 1247 cases, were used to analyze the
association between the highest and lowest consumption of
cultured milk and CRC risk. The summary RR was 0.92 (95%
CL: 0.79, 1.07; P = 69%; P-heterogeneity = 0.07) (Figure 2).
Similarly, for proximal and distal colon cancer (Figure 4) and
rectal cancer (Figure 5), the inverse associations were not
significant (the P-values were 0.52 for proximal colon cancer,
0.92 for distal colon cancer, and 0.55 for rectal cancer).

Cheese. Four prospective cohort studies (14, 17-19)
(590,352 participants and 5857 cases) were used to analyze
the association between the highest and lowest consumption
of cheese and CRC risk. The pooled RR was 0.85 (95%
CI: 0.76, 0.96), with no significant heterogeneity between
the studies (F = 27%; P-heterogeneity = 0.25) (Figure
2). However, the inverse relationship was not statistically

Dairy product consumption and colorectal cancer risk  S205



Heterogeneity

Subgroup Studies. n RR [95% CI] Pooled RR [95% CI] I’ (%) P-value P-value

Proximal colon cancer

Total dairy products 4 0.75 [0.63, 0.89] —_— 63 0.04 <0.01

High-fat dairy products 0 -

Low-fat dairy products 0 - - -

Total milk 3 0.81 [0.68, 0.96] ———— 0 0.70 0.02

Whole milk 2 1.20 [0.96, 1.49] 83 0.02 0.11

Low-fat milk 0 -

Fermented dairy products 0

Total yogurt 0 - - - -

Cultured milk 2 0.91 [0.69, 1.20] 20 0.26 0.52

Cheese 3 0.74 [0.60, 0.91] —— 0 0.99 <0.01

Distal colon cancer

Total dairy products 4 0.73 [0.62, 0.88) —_— 10 034 <0.01

High-fat dairy products 0 -

Low-fat dairy products 0 - - -

Total milk 3 0.75 [0.63, 0.90] —_—— 25 0.26 <0.01

Whole milk 2 0.78 [0.60, 1.01] 0 064  0.06

Low-fat milk 0 -

Fermented dairy products 0

Total yogurt 0 - - - -

Cultured milk 2 0.98 [0.72, 1.34] 69 0.07 0.92

Cheese 3 0.86 [0.69, 1.09] 54 0.11 0.21
0.5 1 15

Protective association

Adverse association

FIGURE 4 Summary estimates (RRs with 95% Cls; log scale) examining the associations between the consumption of dairy products and
the risk of colon cancer by subsite (proximal or distal colon). The meta-analysis included prospective cohort studies analyzing the
consumption of total dairy products, high-fat dairy products, low-fat dairy products, total milk, whole milk, low-fat milk, fermented dairy
products, total yogurt, cultured milk or cheese. Abbreviations: Cl: confidence interval, OR: odds ratio, RR, relative risk.

significant for colon cancer (summary RR: 0.88; 95% CI:
0.77, 1.01; I? = 44%; P-heterogeneity = 0.15; n = 4) (Figure
3). The RR for proximal colon cancer showed a significant
inverse association (summary RR: 0.74; 95% CI: 0.60, 0.91;
PP = 0%; P-heterogeneity = 0.99; n = 3) (Figure 4). The
inverse relationships for distal colon cancer (summary RR:
0.86; 95% CI: 0.69, 1.09; I> = 54%; P-heterogeneity = 0.11;
n = 3) (Figure 4) and rectal cancer (summary RR: 0.93; 95%
CI: 0.76, 1.13; I> = 0%; P-heterogeneity = 0.85; n = 3) (Figure
5) were not statistically significant.

Case-control studies.

Total dairy products. Five case-control study comparisons
were used to assess the associations between the highest and
lowest consumption of total dairy products and the risk of
CRC (40, 46, 48, 50). The summary OR was 0.87 (95% CI:
0.64, 1.20), with moderate heterogeneity among the studies
(P = 52%; P-heterogeneity = 0.08) (Figure 2). The pooled
OR was 0.84 (95% CI: 0.71, 1.00) for colon cancer (Figure
3) and 0.63 (95% CI: 0.50, 0.80) for rectal cancer (Figure
5), with no significant heterogeneity (P-heterogeneity = 0.11
and 0.15, and n = 8 and 4, respectively) among the studies.

High-fat dairy products. We used 6 case-control study
comparisons to analyze the association between colon cancer
and the highest and lowest intakes of high-fat dairy products
(28,42, 44). The summary OR for colon cancer was 1.11 (95%
CI: 0.90, 1.37), with moderate heterogeneity (I° = 53%; P-
heterogeneity = 0.06) (Figure 3). For rectal cancer, the OR
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was 0.92 (95% CI: 0.71, 1.20; I2 = 0%; P-heterogeneity = 0.45;
n = 2) (Figure 5).

Low-fat dairy products. We used 6 case-control study
comparisons to analyze the association between colon cancer
and the highest and lowest intakes of low-fat dairy products
(28,42,44). The summary OR for colon cancer was 0.85 (95%
CIL: 0.71, 1.02; I? = 24%; P-heterogeneity = 0.26) (Figure 3).
For rectal cancer, the summary OR was 0.78 (95% CI: 0.58,
1.04; I = 0%; P-heterogeneity = 0.53; n = 2) (Figure 5).

Total milk. Eight case-control study comparisons (31, 39,
40, 43, 46, 48, 49) were used to analyze the association
between the highest and lowest intakes of total milk and CRC
risk. We observed a significant inverse association (OR: 0.85;
95% CI: 0.73, 0.99) for CRC, with no important heterogeneity
(P = 0%; P-heterogeneity = 0.50) (Figure 2). The summary
OR for rectal cancer was not statistically significant (OR: 0.88;
95% CI: 0.69, 1.13; I = 40%; P-heterogeneity = 0.17; n = 4)
(Figure 5).

Total yogurt. In the analysis of the highest compared with
the lowest intake of total yogurt, the pooled risk estimate
for CRC was not significant (OR: 0.92; 95% CI: 0.77, 1.09;
I? = 0%; P-heterogeneity = 0.60). This analysis included 3
case-control study comparisons (31, 48) (Figure 2). For the
analysis of colon cancer risk, the summary OR was 1.06 (95%
CIL: 0.90, 1.25; I? = 25%; P-heterogeneity = 0.26; n = 5)
(Figure 3). The association for rectal cancer was statistically



Heterogeneity

Subgroup Studies, n RR/OR [95% CI] Pooled RR/OR [95% CI] I (%) P-value P-value
Cohort studies RR [95% CI]
Total dairy products 4 0.83 [0.71, 0.96] 32 0.22 0.01
High-fat dairy products 0 - -
Low-fat dairy products 0 - - -
Total milk 5 0.84[0.73,0.97] —_— 0 0.84 0.01
‘Whole milk 2 0.94[0.76, 1.16] 0 0.66 0.56
Low-fat milk 0 - -
Fermented dairy products 0
Total yogurt 0 - - - -
Cultured milk 2 0.93[0.72, 1.20] 0 0.90 0.55
Cheese 3 0.93[0.76, 1.13] 0 0.85 0.44
Case-control studies OR [95% CI]
Total dairy products 4 0.63[0.50,0.80] ——*——— 43 0.15 <0.01
High-fat dairy products 2 0.9210.71, 1.20] 0 0.45 0.53
Low-fat dairy products 2 0.78 [0.58, 1.04] 0 0.53 0.09
Total milk 4 0.88[0.69, 1.13] 40 0.17 0.31
Whole milk 0 - -
Low-fat milk 0
Fermented dairy products 0 - - - -
Total yogurt 2 0.75 [0.59, 0.95] 52 0.15 0.02
Cultured milk 0 - - -
Cheese 2 0.77 [0.55, 1.09] 0 0.46 0.14
0.5 1 1.5

Protective association

Adverse association

FIGURE 5 Summary estimates (RRs for cohort studies and ORs for case-control studies, with the corresponding 95% Cls; log scale)
examining the associations between the consumption of dairy products and the risk of rectal cancer. The meta-analyses included
prospective cohort and case-control studies analyzing the consumption of total dairy products, high-fat dairy products, low-fat dairy
products, total milk, whole milk, low-fat milk, fermented dairy products, total yogurt, cultured milk, or cheese.

significant (OR: 0.75; 95% CI: 0.59, 0.95; I° = 52%; P-
heterogeneity = 0.15, n = 2) (Figure 5).

Cheese. The combined OR for CRC in the analysis of the
highest compared with the lowest consumption of cheese
included 5 case-control study comparisons (31, 40, 43, 48).
The pooled OR was 0.95 (95% CI: 0.79, 1.14; > = 0%; P-
heterogeneity = 0.62) (Figure 2). Similarly, we found no
evidence of a significant association between colon cancer
risk (OR: 0.87; 95% CI: 0.74, 1.02; I = 0%; P-heterogeneity
= 0.40; n = 3) (Figure 3) or rectal cancer (OR: 0.77; 95% CI:
0.55, 1.09; > = 0%; P-heterogeneity = 0.46; n = 2) and the
highest and lowest consumption of cheese (Figure 5).

Dose-response analyses

Total dairy products.

The linear RR for CRC per 1 serving increment of total
dairy products was 0.92 (95% CI: 0.88, 0.96; P < 0.001)
(Supplemental Figure 5). This inverse association was
significant for colon cancer (RR: 0.91; 95% CI: 0.88, 0.95;
P < 0.001) (Supplemental Figure 6) but not for proximal
colon cancer (P = 0.094) (Supplemental Figure 7). The
inverse associations for distal colon cancer (RR: 0.88; 95%
CIL: 0.84, 0.93; P < 0.001) (Supplemental Figure 8) and
rectal cancer (RR: 0.94; 95% CI: 0.88, 0.99; P = 0.023)
(Supplemental Figure 9) were also significant.

Total milk.

The linear RR of CRC per 1 serving increment of total milk
was 0.90 (95% CI: 0.86, 0.93; P < 0.001) (Supplemental
Figure 10). There was also a significant linear association
for colon cancer (RR: 0.88; 95% CI: 0.84, 0.93; P < 0.001)
(Supplemental Figure 11) and rectal cancer (RR: 0.91; 95%
CI: 0.84, 0.97; P = 0.005) (Supplemental Figure 12).

Total yogurt.

The combined linear RR for CRC for an increment of one
serving of yogurt was 0.72 (95% CI: 0.47, 1.10; P = 0.128)
(Supplemental Figure 13).

Cheese.

We detected a significant linear RR for CRC per 1 serving
increment of cheese (RR: 0.93; 95% CI: 0.88, 0.98; P = 0.006).
The linear RR for colon cancer per 1 serving increment was
also significant (RR: 0.91; 95% CI: 0.84, 0.99; P = 0.030)
(Supplemental Figures 14 and 15).

Sensitivity analyses

To detect whether the exclusion of a particular study
modified the associations observed, we excluded 1 study
at a time from the analyses of highest compared with
lowest consumption for both the cohort and the case-control
studies (Supplemental Tables 2 and 3, respectively). For the
cohort studies, after the study by Murphy et al. (18) was
removed, the inverse associations between the consumption
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of total dairy products and the risk of proximal colon,
distal colon, and rectal cancer were no longer significant.
Likewise, the removal of the same study (18) also decreased
the summary RR for proximal colon and rectal cancer for
total milk consumption and the pooled RR for CRC for
cheese consumption.

In the analysis of total dairy products, the study by Larsson
et al. (17) explained most of the observed heterogeneity
(P? = 8%; P-heterogeneity = 0.36). After the study by Terry
et al. (11) was excluded, the heterogeneity was reduced
(P = 44%; P-heterogeneity = 0.17). The study by Pala
et al. (38) explained most of the heterogeneity among the
studies when the association between the consumption of
total yogurt and CRC risk (I? = 0%; P-heterogeneity = 0.43)
was assessed.

For the case-control studies, the heterogeneity in the
association between the consumption of total dairy products
and CRC risk was no longer significant after the study by
Chun et al. (50) was removed (I? = 0%; P-heterogeneity =
0.84). The case-control study conducted by Murtaugh et al.
(28) accounted for most of the heterogeneity in the analysis
of high-fat dairy products and colon cancer risk (I° = 0%;
P-heterogeneity = 0.52).

Discussion
In this meta-analysis of 29 prospective cohort and case-
control studies including >22,000 CRC cases, prospective
cohort studies showed an association between a higher
consumption of total dairy products and total milk and a
consistently and significantly decreased risk of CRC across
all CRC subsites. High low-fat milk and cheese consumption
was also associated with a decreased risk of CRC. However,
this inverse association for low-fat milk was restricted to
colon cancer, whereas after stratification by CRC subsite,
cheese had a significant association only with proximal colon
cancer. Although the high consumption of high-fat dairy
products and total yogurt showed a significant inverse as-
sociation with CRC risk, there was substantial heterogeneity
among the few studies that had been conducted. Therefore,
these observations should be interpreted cautiously. No
significant associations were found between CRC risk and
the consumption of low-fat dairy products, whole milk,
fermented dairy products, or cultured milk. Most of the
associations found were not supported by the case-control
studies. This discrepancy may be largely explained by the
differences in study design between cohort and case-control
studies, differences in categorizing the frequency of dairy
product consumption and the amounts of dairy products
consumed, and differences in the covariates considered as
potential confounders in the statistical models.

Our results are in line with those of a pooled analysis of
10 cohort studies (51) and previous meta-analyses of case-
control and cohort studies (52, 53). Likewise, systematic
reviews and meta-analyses of prospective studies (54-57)
showed a reduced risk of CRC associated with the consump-
tion of total dairy products, milk, or a combination. Our
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findings are also in accordance with the conclusion of the
latest WCRF/AICR report (3).

In our meta-analysis, the consumption of total dairy
products and milk was associated with a significant decrease
in the risk of both colon and rectal cancers, although these
inverse associations were slightly higher for colon cancer. In
contrast, most systematic reviews and meta-analyses have
shown that the inverse associations between CRC risk and
the consumption of milk and total dairy products (54-57)
are mainly restricted to colon cancer. To our knowledge, no
previous systematic reviews or meta-analyses have assessed
the link between CRC risk and the consumption of low-fat
and whole milk. Furthermore, the associations between the
consumption of dairy products with different fat contents
and CRC risk were not documented in the latest report by
the CUP panel (3). On the one hand, we found that the
consumption of low-fat milk is associated with a 24% and
27% reduction in the risk of colorectal and colon cancer,
respectively, with no significant heterogeneity among the
studies. On the other hand, we did not observe a significant
association between whole-milk consumption and CRC risk.
These results are, therefore, of great importance, because
despite the lack of scientific evidence, most dietary rec-
ommendations encourage the consumption of low-fat dairy
products.

We found that cheese consumption may decrease the risk
of CRC, particularly proximal colon cancer. These results
are consistent with the conclusions of the latest CUP report
(3). We also augmented the current evidence for these
associations by our finding of a linear relationship between
cheese consumption and CRC. Ralston et al. (55) found no
evidence of a significant inverse relationship between solid
cheese consumption and CRC. These discrepancies could be
explained by the inclusion of 2 large cohort studies assessing
cheese consumption, and because CRC risk was included in
our study but not in Ralston’s systematic review and meta-
analysis (18, 19).

The protective association we found between yogurt con-
sumption and CRC risk is inconsistent with other evidence
(54, 55). As previously mentioned, this result should be
taken with caution since there was substantial heterogeneity
among the studies analyzed. Similarly, the inverse association
between high-fat dairy products and CRC risk showed
substantial heterogeneity, and the summary risk estimate
included only 2 studies (14, 19).

The mechanisms involved in the possible decrease in CRC
risk are unclear. The most-studied chemopreventive agent in
dairy products is calcium, because dairy products are one of
the main contributors of calcium in the diet. According to the
hypothesis of Newmark et al. (58), fatty acids and bile acids
in the colon may play an important role in the initial steps
of colorectal carcinogenesis. Calcium might protect against
CRC Dby the colonic sequestration of secondary bile acids such
as deoxycholic acid and phospholipids. These components
have been shown to promote colorectal tumors in animal
models, probably by regulating protein kinase C (59, 60).
On the other hand, calcium could lead to differentiation



in normal cells and apoptosis in transformed cells (61, 62).
Conjugated linoleic acid, which is naturally present in dairy
products, might also have a protective effect against CRC
by inhibiting cell proliferation, modifying the fluidity of
cell membranes, decreasing the production of inflammatory
mediators, and stimulating the immune response (63-66).
Other components, such as butyric acid (62, 67), lactoferrin
(68), and vitamin D (52, 69), in fortified dairy foods might
also have protective effects.

Our systematic review and meta-analysis has several
strengths: 1) we identified prospective cohort and case-
control studies through a systematic search; 2) we used a
quantitative NOS scale to exclude low-quality studies; and
3) all of the studies in our analysis used a validated food-
frequency questionnaire to assess dairy product consump-
tion.

Despite the high quality of the studies we analyzed, we
also acknowledge some limitations, such as potential residual
confounding because of the observational nature of the
studies included or the possibility that not all the studies were
adjusted for important dietary variables. Moreover, some
of the dietary assessments were self-reported, which may
affect the reliability of the reported intakes. However, the
use of validated food-frequency questionnaires could reduce
this bias. Although some heterogeneity among studies was
observed, this heterogeneity was explained by the removal
of individual studies. For studies reporting both skim and
semiskim milk and different types of cheese separately, we
considered only the values for skim milk and hard cheese,
so the risk estimates might be somewhat overestimated.
Since we were not able to search all available databases,
we cannot ignore the possibility that some references may
have been missed. Finally, given the observational nature of
the present meta-analysis, our results cannot support causal
relationships between dairy product consumption and CRC
risk.

Conclusions

Our systematic review and meta-analysis of observational
studies shows a consistent inverse association between
higher consumption of dairy products and total milk and
the risk of CRC at all sites. Low-fat milk consumption
was associated with a decreased risk of CRC, although
this inverse association was restricted to the colon. This
systematic review and meta-analysis is the first to evaluate
the association between subtypes of milk and CRC risk. An
inverse association between cheese consumption and the risk
of CRC, particularly proximal colon cancer, was also found.
No harmful effects associated with the consumption of any
type of dairy product, including whole-fat dairy products,
were observed. Therefore, it seems reasonable to claim that
the consumption of dairy foods, especially low-fat milk and
cheese, might be related to a lower risk of CRC. Further
prospective studies with large samples and long follow-up
periods, as well as clinical trials that take into account
the long latency period of CRC, known difficulties with
dietary compliance, and other complexities such as the high

economic cost, are needed to clarify the associations between
CRGC, including the differences in CRC risk across subsites,
and the fat and sugar contents of dairy products.
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